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Mari-mari (Cassia leiandra Benth.) is an Amazonian native fruit that is highly appreciated in 
the northern region of Brazil, but there are few studies regarding its chemical composition and/or  
biological properties. A phytochemical study was conducted on the extracts of the pulp, peel 
and seeds; and their antioxidant, cytotoxic and antimicrobial potential were also determined. 
Methanol and acetone extracts from different fruit parts were subjected to total phenolic, 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and FeIII reducing capacity (FRAP) 
assays. From the peel extracts, the engeletin and astilbin could also be isolated and characterized 
based on nuclear magnetic resonance spectroscopy and high-resolution mass spectrometry. A 
quantification using ultra-fast liquid chromatography of acetone dry crude extracts (DCE) of 
the peel showed that engeletin was the main compound (532.77 mg g-1 DCE). Astilbin content 
was also determined (131.53 mg g-1 DCE). The antibacterial and antiproliferative activities were 
evaluated and the methanol extract of the peel showed higher growth inhibition activity against all 
tested bacteria. Engeletin showed a relevant antimicrobial effect against Staphylococcus aureus, 
Staphylococcus epidermidis and Escherichia coli. Acetone and methanol peel extracts exhibited a 
relevant inhibitory effect on the proliferation of breast carcinoma cells (MCF-7), with no toxicity 
to the normal cell line (NIH/3T3).

Keywords: Cassia leiandra, mari-mari, total phenolic contents, antioxidant property, cytotoxic 
activity, antimicrobial activity

Introduction

The Amazon rainforest has a wide variety of plant 
species that have important nutritional properties, and 
many of these properties are associated with small 
molecules present in their composition.1,2 A variety of 
edible fruit species from the Amazon region have been 

reported as a source of antioxidant compounds, especially 
polyphenols, which are a well-known class of metabolites 
with different biological activities, including antioxidant 
and antiproliferative activities.3-5 

Cassia leiandra (Fabaceae) is native to the Brazilian 
Amazon, where it is known as mari-mari, “mari”, 
“ingá-mari”, and “seruaia”. Its fruits have the shape of 
a pod (yellowish when ripe), cylindrical, 40-50 cm long, 
and 3.0-4.0 cm in diameter, whose seeds are wrapped in 
succulent and pasty pulp, with a bittersweet flavor that is 

https://orcid.org/0000-0001-7940-4910
https://orcid.org/0000-0001-7007-3991
https://orcid.org/0000-0002-1119-7238


Amazonian Fruit Mari-Mari (Cassia leiandra Benth.) J. Braz. Chem. Soc.326

similar to the taste of tamarind (Tamarindus indica). It is 
usually consumed raw by the local population and is often 
found in street markets in the Amazon. The fruiting period 
occurs when the river level is high (between January and 
May), and fruit production can reach 1,836 kg ha-1.6 

For the genus Cassia, there are many chemical studies 
related to different parts (roots, stems, bark, seeds, and 
leaves) and these report the presence of glycosides, 
flavonoids, and derivatives of anthracene. Other studies 
have reported hepatoprotective, anti-inflammatory, 
antimutagenic, anti-ulcer, antibacterial, antifungal and 
antioxidant properties in extracts obtained from different 
Cassia species.7-9

Despite numerous reports about the genus Cassia, 
the chemical composition of C. leiandra fruits has not 
yet been studied. To date, there are no reports on the 
biological properties and/or antioxidant, antimicrobial 
and antiproliferative potential of the fruits of this species. 
In this work, the antioxidant potential of acetone and 
methanol extracts obtained from the pulp, peel, and seeds 
were evaluated using the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) free radical scavenging assay and the ferric 
reducing antioxidant power (FRAP) assay. The total 
phenolic content was determined using the Folin-
Ciocalteu method. In addition, the flavonoids engeletin 
and astilbin were isolated using high-performance 
liquid chromatography (HPLC), and were identified 
using 1D and 2D nuclear magnetic resonance (NMR), 
and quantified using ultra-fast liquid chromatography 
(UFLC). Considering the potential applications of natural 
antioxidants in food and nutraceutical technology, our 
results aim to contribute to the phytochemical knowledge 
and technological applications of a promising edible fruit 
from the Amazon.

Experimental

Chemicals

Acetone and methanol (P.A.), methanol and acetonitrile 
(ACN) HPLC grade ultrapure water, formic acid, dimethyl 
sulfoxide-d6 (deuterated DMSO), methanol-d4 (deuterated 
methanol), astilbin from Engelhardtia roxburghiana ≥ 98%, 
Folin Ciocateu reagent, formic acid, gallic acid, quercetin, 
sodium carbonate (Na2CO3), iron sulfate heptahydrate 
(FeSO4·7H2O), sulforhodamine B (SRB), Trizma® base 
buffer and dimethyl sulfoxide (DMSO) were purchased 
from Sigma-Aldrich Ltd. (Saint Louis, USA). Breast cancer 
cell MCF-7 and murine fibroblast NIH/3T3 cell lines, 
fetal bovine serum (FBS, Gibco, Thermo Fisher, USA), 
penicillin, and streptomycin were also purchased from 

Sigma-Aldrich Ltd. (Saint Louis, USA). The MCF-7 cell 
line used was donated by Centro de Pesquisas Químicas, 
Biológicas e Agrícolas (CPQBA), Universidade Estadual 
de Campinas, Brazil. Fresh, ripened mari-mari fruits were 
acquired at the local market in the Jorge Teixeira district in 
Manaus, Amazonas, Brazil in April 2013. All fruits (9 kg) 
were manually separated into pulp, peel and seeds.

Preparation of C. leiandra extracts

The fresh pulps, peels and seeds of the mari-mari were 
crushed and subjected to extraction in acetone followed by 
extraction in methanol in an ultrasonic bath, (Unique, USC 
2800, Brazil), for 40 min at room temperature (25 °C). The 
dry crude extracts (DCE) were vacuum filtered and then 
transferred to amber flasks and stored at -36 ºC before 
analysis.10,11

 Isolation of flavonoids

The powdered mari-mari peel (360.0 g) was subjected to 
maceration in acetone at room temperature for 48 h. During 
concentration under vacuum, a white precipitate (6.75 g) 
was obtained in a large quantity that was cold-washed with 
acetone, filtered and finally purified by preparative HPLC 
configured with Shimadzu LC-6AD pumps, a SPD-10AV 
UV detector and a Rheodyne injector. A Luna C18 column 
(Phenomenex, 250 mm × 4.6 mm, 100 Å, 5.0 µm) was 
used with isocratic elution with CH3OH:H2O (45:55 v/v) 
as the mobile phase at a flow rate of 6 mL min-1 to yield 
compounds 1 (13.8 mg) and 2 (60.7 mg).

Nuclear magnetic resonance (NMR) experiments

One (1D) and two-dimensional (2D) NMR spectra of 
astilbin 1, in DMSO-d6, and engeletin 2, in methanol-d4, 
were acquired on a 300 MHz spectrometer (Bruker Fourier, 
Billerica, USA) (300.20/75.0 MHz for 1H/13C NMR), and 
on a 600 MHz spectrometer (Bruker Avance III Billerica, 
USA) (600.13/125.0 for 1H/13C NMR).

Astilbin, dihydroquercetin 3-rhamnoside, (C21H22O11) 1 
white powder; UV-Vis (methanol) λmax / nm 299; 1H NMR 
(500 MHz, DMSO-d6) d 5.23 (1H, d, J 9.9 Hz, H-2), 4.64 
(1H, d, J 9.9 Hz, H-3), 5.89 (1H, d, J 2.1 Hz, H-6), 5.90 (1H, 
d, J 2.1 Hz, H-8), 6.87 (1H, s, H-2’), 6.72 (1H, d, J 8.6 Hz, 
H-5’), 6.79 (1H, d, J 8.4 Hz, H-6’), 4.01 (1H, d, J 1.2 Hz, 
H-1”), 3.93 (1H, m, H-2”), 3.14 (1H, m, H-3”), 3.08 (1H, 
m, H-4”), 2.49 (1H, m, H-5”), 1.04 (3H, d, J 6.0 Hz, H-6”), 
9.00 (1H, s, OH-3’), 9.10 (1H, s, OH-4’), 11.82 (1H, s, 
OH-5), 11.79 (1H, s, OH-7); HRMS (ESI) m/z, calcd. for 
C21H22O11 [M - H]-: 449.1089, found: 449.0773.
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Engeletin, dihydrokaempferol 3-rhamnoside (C21H22O10) 
2 white powder; UV-Vis (methanol) λmax / nm 298; 1H NMR 
(600 MHz, methanol-d4) d 5.14 (1H, d, J 10.7 Hz, H-2), 
4.61 (1H, d, J 10.7 Hz, H-3), 5.89 (1H, d, J 2.1 Hz, H-6), 
5.90 (1H, d, J 2.1 Hz, H-8), 7.35 (2H, d, J 8.6 Hz, H-2’ 
and H-6’), 6.84 (2H, d, J  8.6 Hz, H-3’ and H-5’), 4.01 
(1H, d, J 1.5 Hz, H1”), 3.50 (1H, m, H-2”), 3.64 (1H, m, 
H-3”), 3.30 (1H, m, H-4”), 4.24 (1H, m, H-5”), 1.18 (3H, 
d, J 6.3 Hz, H-6); HRMS (ESI) m/z, calcd. for C21H22O10 

[M - H]-: 433.1140, found: 433.1100.

Quantitative analysis of isolated compounds

The engeletin isolated from the mari-mari peel was used 
as a standard to prepare solutions in the range from 0.48 to 
500 µg mL-1 in ACN:H2O (1:1 v/v). Commercial astilbin 
from Engelhardtia roxburghiana (purity ≥ 98%) from 
Sigma (Saint Louis, USA) was used to prepare solutions 
in the range of 0.29 to 150 µg mL-1 also using ACN:H2O 
(1:1  v/v) as the solvent. These solutions were prepared 
fresh on different days to obtain the calibration curves. 
Mari-mari extracts were diluted in ACN:H2O (1:1 v/v) 
in the following concentrations: methanol extract of peel 
(350 µg mL-1), acetone extract of the peel (250 µg mL-1), 
methanol extract of the seeds (5,000 µg mL-1), methanol 
extract of the pulp (5,000 µg mL-1). The samples were 
previously filtered through a 0.2 μm polytetrafluoroethylene 
(PTFE) membrane and analyzed using UFLC. Quantification 
by chromatography was performed using a chromatograph 
(UFLC Shimadzu Prominence, Kyoto, Japan), with a binary 
pump (LC-20AD), automatic injector (SIL-20A HT), 
column oven (CTO-20AC), diode array detection system 
(SPD-M20A) and chromatography data station software 
(LC-Solution). The column used was a C18 analytical 
column (Kinetex, 100 × 2.1 mm, 2.6 µm particle) was used at 
30 °C. A linear gradient with 0.1% aqueous solution of formic 
acid (eluent A) and acetonitrile with 0.1% of formic acid 
(eluent B) were used as mobile phases. The elution started 
with 15% eluent B for 22 min, increasing linearly to 100% B 
during 3 min and holding constant at 100% B for 3 min. 
The column was reconditioned to 15% B for 7 min before 
analysis. The injection volume was 1 µL and the mobile phase 
flow was 0.2 mL min-1. The concentration of astilbin and 
engeletin were expressed as mg of compound per g of DCE. 

Total phenolic content (TPC)

TPC was determined using the Folin-Ciocalteu 
method,12,13 in which 1.0 µL of each sample and 1 mL of 
Folin-Ciocalteu reagent (diluted 10-fold) were mixed in 
a vortex mixer, incubated for 5 min at room temperature, 

and then 1.0 mL of 10% Na2CO3 solution was added. The 
mixture was incubated for 90 min, and the absorbance 
was determined at 725 nm. The TPC was expressed as mg 
of gallic acid equivalent (GAE) per g of dry crude extract 
(mg GAE g-1 DCE).

DPPH free radical scavenging assay

The free radical scavenging properties of the acetone 
and methanol extracts were evaluated by measuring the 
decrease in the absorbance of a methanol DPPH solution 
at 490 nm in the presence of the extract in an ELISA 
plate, as previously described by Yu et al.14 The results 
were expressed as the inhibitory concentration (IC50) of 
the extract concentration that caused 50% scavenging 
of radicals. Quercetin was used as a positive control 
(IC50 = 6.0 ± 5.7 μg mL-1).

Ferric reducing antioxidant power (FRAP)

The FRAP assay was performed as previously described 
by Benzie and Strain.15 The results were determined 
according to the calibration curve with aqueous solutions 
of FeSO4 in the range of 100-1,000 µM. The results were 
expressed in µM FeSO4 g-1 DE.

In vitro antibacterial activity 

The antibacterial activities of the methanol and 
acetone extracts were assayed against the following 
three Gram-positive bacteria: Staphylococcus  aureus 
(ATCC 80958), Staphylococcus epidermidis (ATCC 35984), 
and Staphylococcus saprophyticus (ATCC), and 
three Gram-negative bacteria: Escherichia  coli 
(ATCC  35218), Klebsiella oxytoca (ATCC 13181), and 
Pseudomonas aeruginosa (ATCC 27853), using a modified 
microdilution method.16 The methanol and acetone extracts 
obtained from the pulp, seed and peel were first dissolved 
in 30% DMSO (v/v) in Muller-Hinton (MH) broth to a final 
concentration of 1 mg mL-1. Serial dilutions (in the range of 
0.1 to 10 µg mL-1) of each extract were prepared in sterile 96-
well microtiter plates at a 200 µL final volume of MH broth. 
The microbial suspensions were adjusted with sterile saline 
to a concentration that corresponded to 0.5 on the McFarland 
scale (1.5 × 108 colony forming units (CFU) mL-1). The 
microplates were incubated at 37 °C for 24 h, and the 
absorbance was read at 590 nm using a microplate reader. 
Commercial chloramphenicol and rifampicin were used 
as positive controls and DMSO solvent was used as a 
negative control. The results were presented as minimum 
inhibitory concentration  (MIC) values, which were defined 
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as the lowest concentration of the extract (in µg mL-1) that 
inhibits the bacterial growth when compared to the control. 
The antibacterial activity of the isolated engeletin was also 
evaluated. First, the purified compound concentration was 
diluted in DMSO to 1 mM and, then, its effect on bacterial 
growth was checked in a range of 10 to 100 µM using a 
modified microdilution technique, according to the method 
described above. 

Antiproliferative activity in vitro

For the evaluation of antiproliferative activity, one 
human neoplastic cell line, MCF-7 (breast) and one normal 
cell line, NIH/3T3 (murine fibroblast), were used. The 
cells were maintained in complete Roswell Park Memorial 
Institute (RPMI) 1640 medium that was supplemented with 
10% fetal bovine serum (FBS), penicillin (10 U mL-1), and 
streptomycin (10 μg mL-1) and maintained at 37 °C under a 
5% CO2 atmosphere. The antiproliferative assay was based 
on colorimetric methods that used sulforhodamine B (SRB) 
with modifications.17,18 The cells were seeded in 96-well 
plates at 7,500 cells per well, incubated at 37 °C under a 
5% CO2 atmosphere for 24 h and, subsequently, exposed 
to the test compounds dissolved in sufficient DMSO to 
yield concentrations of 0.025, 0.25, 2.5, and 5 μg mL-1, and 
then reincubated for another 48 h. The final concentrations 
of DMSO did not affect cell viability. After incubation, 
the supernatant was removed, and the cells were fixed in 
100 μL of trichloroacetic acid (20%). After 30 min, they 
were stained with 50 μL of 0.1% SRB dissolved in 1% 
acetic acid. Excess dye was removed with 1% acetic acid. 
Finally, the proteins were solubilized in Trizma® base 
buffer (10 mM, pH = 10.5) and readings were performed 
at 540 nm on a microplate reader. The positive control 
was doxorubicin at concentrations of 0.025, 0.25, 2.5, and 
25 μg mL-1. The results were expressed as the inhibition 
of 50% growth (IC50).

Statistical analysis

All experiments were performed in triplicate, and the 
data were expressed as the mean ± standard deviation (SD). 
The IC50 values were determined via interpolation.

Results and Discussion

Structural identification of isolated flavonoids

The semi-preparative HPLC of acetone extract of the 
peel led to the isolation of flavonoids 1 and 2 (Figure 1). 
Based on 1H and 13C NMR and HRMS analyses, the isolated 

compounds were identified as the flavonoids astilbin 1 and 
engeletin 2, which have been previously reported in the 
literature, though this is the first time in C. leiandra.19-21 
Astilbin (Figure 1) was isolated as a white powder and the 
molecular formula C21H22O11 was established using HRMS 
(experimental m/z 449.0773, calculated m/z 449.1089). The 
1H NMR spectrum of astilbin shows the two doublets d 5.89 
and 5.90 (J 2.1 Hz), which are characteristic of hydrogens 
H-8 and H-6 of oxygenated flavanones in positions 5 and 
7. One doublet at d 6.79 (J 8.6 Hz), one doublet at d 6.72 
(J 8.4 Hz), and one singlet at d 6.87 were assigned to the 
hydrogens H-6’, H-5’ and H-2’, respectively from ring B. 
Additionally, this spectrum showed one doublet at d 4.01, 
corresponding to anomeric hydrogen, with multiplets 
between d  2.49-3.93 and one doublet at d  1.04. These 
data were consistent with the rhamnose unit. The coupling 
constant J  1.5  Hz observed in the 1H  NMR spectrum 
corroborates the rhamnoside unit. The correlation observed 
in the heteronuclear multiple bond correlation (HMBC) of 
d 4.01 (H-1”) with d 102.4 confirmed the unit rhamnose 
at C-3. After analysis of the spectral data and comparisons 
with data described in the literature, it was possible to 
identify compound 1 as dihydroquercetin 3-rhamnoside 
(astilbin).19

Similarly, compound 2, which was isolated as a 
white powder, was identified as engeletin (Figure 1). The 
molecular formula C21H22O10 was established using HRMS 
(experimental: m/z 433.1100 calculated: m/z 433.1140). 
The 1H NMR spectrum of 2 was quite similar to spectrum 
of 1 (a flavanone), except for the appearance of two 
doublets, both integrated for two hydrogens (J 8.6 Hz) at 
d 7.35 (H-2’/H-6’) and 6.85 (H-3’/H-5’), corresponding 
a disubstituted benzene ring, which has hydroxyl in 
position 4. The comparison of 1H and 13C NMR spectra with 
literature data led to the identification of the compound 2 
as engeletin (dihydrokaempferol 3-rhamnoside) (Figure 1), 
which is a glycosylated flavonoid, also reported in other 
genera of Fabaceae.19

Total phenolic content and antioxidant activities

Table 1 shows the results of the DPPH, FRAP and TPC 
antioxidant activity assays of the extracts obtained from 
the pulp, peel, and seeds, in addition to flavonoids isolated 
from acetone extract of the peel. The peel extracts obtained 
in methanol and acetone contain twice more phenolic 
compounds when compared to the pulp and seed extracts that 
were extracted using an ultrasonic bath. According to Ayala-
Zavala et al.,22 the contents of the functional compounds in 
different tropical exotic fruits are most often located in the 
peel and seeds, with lower concentrations in the pulp.
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These results are in agreement with the FRAP assay 
results, since methanol and acetone extracts of the peel 
(1,240.71 ± 0.06 and 1,624.46 ± 0.09 μmol FeSO4 g-1 dry crude 
extract (DCE), respectively), showed higher ferric-reducing 
ability. The values obtained for the acetone extract of peel 
in the DPPH assay (IC50 = 199.44 ± 0.01 µg mL-1 m v-1) 
confirmed the presence of compounds with greater 
potential for scavenging free radicals when compared to 
the other extracts (pulp and seed in acetone). Considering 
the extracting solvent, the methanol extracts of pulp, peel 
and seed showed relatively similar results, but these were 
slightly inferior to the acetone extracts. The DPPH results 
obtained for astilbin and engeletin (IC50 = 316.66 ± 0.06 and 
3,710.09 ± 0.005 µg mL-1, respectively) show that engeletin 
cannot scavenge DPPH radicals. Engeletin probably does 
not contribute to the antioxidant activity of the peel extracts, 
whereas astilbin, which presented moderate capacity, may 
contribute to the antioxidant activities in the peel extracts.

Quantification of astilbin and engeletin

 The calibration curves obtained from engeletin and 
astilbin using UFLC presented good linearity (R2 = 0.99) 
for both substances. The quantification using UFLC showed 
that these flavonoids are abundant in the acetone extracts 

of the peel at concentrations of 532.77 and 131.53 mg g-1 
DCE for engeletin (retention time of 14.1 min) and astilbin 
(retention time of 8.0 min), respectively (Table 2). These 
data corroborate the GAE values in the Folin-Ciocalteu 
assays for this extract, which stood out for having the 
highest total phenolic content.

In vitro antibacterial activity 

Table 3 shows the results of antibacterial activities of 
the extracts obtained from C. leiandra (mari-mari) fruit. 
The evaluated bacterial responses varied among different 
extracts, but the methanol extract of the peel presented 
better inhibitory activity against the growth of all the tested 
Gram-positive and Gram-negative bacteria and resulted in 
a MIC range of 25 to 35 µg mL-1. Meanwhile, the acetone 
extract of the peel revealed poor antibacterial activity 
(MIC > 40 µg mL-1). On the other hand, the methanol and 
acetone extracts of the pulp (MIC > 100 µg mL-1) and seeds 
(MIC was not assayed at the tested concentrations) did not 
show any antibacterial effect. The methanol extract of the 
peel was relatively more effective towards Gram-positive 
pathogenic bacteria. These results are in accordance with 
previous studies,23 which indicate that Gram-negative 
bacteria are, in general, more resistant to antimicrobial 

Figure 1. Structure of compounds 1 (astilbin) and 2 (engeletin) isolated from mari-mari fruit.

Table 1. Antioxidant activity of sample extracts and isolated flavonoids of mari-mari

Sample TPa / (mg GAE g-1) DPPH IC50
a / (µg mL-1 m v-1) FRAPa / (μmol FeSO4 g− 1 DCE)

Pulp (methanol) 39.97 ± 0.019 620.30 ± 0.01 629.88 ± 0.02

Peel (methanol) 119.90 ± 0.019 619.14 ± 0.04 1,240.71 ± 0.06

Seeds (methanol) 39.24 ± 0.032 673.73 ± 0.01 406.96 ± 0.09

Pulp (acetone) 65.14 ± 0.040 364.48 ± 0.001 634.46 ± 0.03

Peel (acetone) 117.69± 0.009 199.44 ± 0.01 1,624.46 ± 0.09

Seeds (acetone) 60.17 ± 0.005 456.43 ± 0.02 466.12 ± 0.02

Engeletin - 3,710.09 ± 0.005 190.13 ± 0.002

Astilbin - 316.66 ± 0.06 1,905.71 ± 0.07

Quercetin - 5.7 ± 0.02 2774.88 ± 0.15
aValues are shown as mean ± standard deviation (n = 3). TP: total phenolic; DPPH: 2,2-diphenyl-1-picrylhydrazyl; IC50: half maximal inhibitory concentration; 
FRAP: ferric ion reducing antioxidant power; GAE: gallic acid equivalent; DCE: dry crude extract.
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agents than Gram-positive microorganisms, and this 
is probably due to the presence of an outer-membrane 
permeability barrier in these cells. Furthermore, engeletin, 
a glycosilated flavonoid isolated from the mari-mari peel, 
showed promising activity against S. aureus, S. epidermidis, 
and E. coli with MICs of 50 µM. 

In vitro antiproliferative activity 

Flavonoids are known to be synthesized by plants in 
response to microbial infections;24 therefore, it is expected 
that they have effective in vitro antibacterial activity. 
Flavonoid-rich plant extracts from different species have 
been reported to present an antimicrobial effect.24,25 In 
addition, Mori et al.26 have suggested that the flavonoids 
may intercalate or form hydrogen bonds with the stacking 
of nucleic acid bases due to their B ring configuration and 
further lead to the inhibition of deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) synthesis in bacteria. 
The inhibitory activities of quercetin, apigenin, and 
3,6,7,3’,4’-pentahydroxyflavone against Escherichia coli 

DNA gyrase were defined by Ohemeng et al.27 Regarding 
the evaluation of the in vitro antiproliferative activity 
(Table 4), the acetone and methanol extracts of the peel 
exhibited a relevant inhibitory effect on breast carcinoma 
cell proliferation, with efficiency concentration (EC50)  
values of 5.43 and 8.94 µg mL-1, respectively. Furthermore, 
the extracts of pulp and seeds did not present inhibition of 
growth activity against the human cancer cell line (MCF-7). 
The growth inhibition assay showed that non-tumor cells 
(NIH/3T3 line) presented a higher EC50 (> 100 µg mL-1) 
when compared to the human tumor line (MCF-7) at the 
same exposure time, which indicates lower cytotoxicity. 
These results indicate that mari-mari fruit peels should be 
consumed, instead of being discarded.

Fruits with high flavonoid content, such as apples 
or grapes, have been reported as potential cancer 
chemopreventive agents.28 Oxidative stress plays an 
important role in the development of chronic and degenerative 
ailments such as cancer, arthritis, aging, autoimmune 
disorders, cardiovascular, and neurodegenerative diseases.29 
Therefore, the regular consumption of fruits that are rich 

Table 2. Content of engeletin and astilbin in the dry extracts (DE) of mari-mari fruits

Extract Content / (mg engeletin per gDE) CV / % Content / (mgastilbin per gDE) CV / %

Peel (acetone) 532.77 5.8 131.53 5.72

Peel (methanol) 167.76 4.7 46.55 4.10

Seeds (methanol) 2.46 1.7 2.06 1.86

Pulp (methanol) 0.14 0.8 0.19 0.46

LOD / (mg mL-1) 0.48 0.29

LOQ / (mg mL-1) 1.95 1.17

CV: coefficient of variation; LOD: limit of detection; LOQ: limit of quantification.

Table 3. Antibacterial activity of the mari-mari fruit extracts

Sample 

MIC / (µg mL-1)

Gram-positive bacteria Gram-negative bacteria

S. aureus 
(ATCC 80958)

S. epidermidis 
(ATCC 35984)

S. saprophyticcus 
(ATCC 49453)

E. coli 
(ATCC 35218)

K. oxytoca 
(ATCC 13181)

P. aeruginosa 
(ATCC 27853)

Methanol extract

Pulp > 100 > 100 > 100 > 100 > 100 > 100

Seed NA NA NA NA NA NA

Peel 25 25 20 30 25 35

Acetone extract

Pulp > 100 > 100 > 100 > 100 > 100 > 100

Seed NA NA NA NA NA NA

Peel > 40 > 40 > 40 > 40 > 40 > 40

Standards

Chloramphenicol 7.2 3.9 3.2 3.9 4.2 12.2

Rifampicin 0.8 0.8 0.8 2.2 1.2 10

NA: not assayed at tested concentrations; MIC: minimum inhibitory concentration.
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in flavonoids could minimize the cancer-promoting action 
of oxygen radicals.

Conclusions

The phytochemical study of the mari-mari fruit 
(C. leiandra Benth.) is described herein for the first time. 
Quantification of astilbin and engeletin showed that 
the extracts of the peel have higher concentrations of 
these flavonoids when compared to the seeds and pulp. 
Engeletin showed a relevant antimicrobial effect against 
S. aureus, S. epidermidis and E. coli. Furthermore, acetone 
and methanol extracts of the peel exhibited a relevant 
inhibitory effect on the proliferation of breast carcinoma 
cells (MCF-7), without presenting toxicity to the normal 
cell line (NIH/3T3). These results contribute significantly 
to the chemical knowledge and therefore demonstrate that 
this Amazonian fruit has potential as a nutraceutical food.

Supplementary Information

Supplementary information (1H, 13C, COSY, HMBC, 
HSQC, NOESY spectra and MS data, mari-mari fruit 
pulp chromatograms, analytical curve of the engeletin 
standard) is available free of charge at http://jbcs.sbq.org.br  
as PDF file. 

Acknowledgments

The authors would like to thank to Universidade 
Federal do Amazonas (UFAM), Programa de Pós-
Graduação em Química (PPGQ), Fundação de Amparo 
à Pesquisa do Amazonas (FAPEAM), Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior (CAPES), 
and Conselho Nacional de Desenvolvimento Científico 
e tecnológico (CNPq) for sponsoring these projects 
(CT-Amazonia Ed. No. 77-2013, proc. No. 408272-2013, 
Universal/CNPq/2016 proc. No. 432867/2016-3), EDITAL 
No.  030/2021-PROPESP/UFAM. The Universidade 
Federal de Mato Grosso do Sul (UFMS) supported the 
publication fee (EDITAL PROPP/UFMS No. 15/2022) 
and the professional translator Matthew Miller helped with 
English language revision.

Author Contributions

Mayane P. de Souza was responsible for investigation and writing - 

original draft; Ingrity Suelen C. Sá for investigation; Flávio Augusto de 

Freitas for conceptualization and writing; Afonso Duarte L. de Souza 

for funding acquisition; Sergio M. Nunomura for funding acquisition, 

validation and manuscript review; Magno P. Muniz for validation; Ana 

Paula R. Pereira for biological activity investigation; Bianca O.Augusto 

for biological activity investigation; Giovana B. Gomes for biological 

activity investigation; Renata T. Perdomo for experimental design and 

supervision; Maria Lígia R. Macedo for experimental design and data 

analysis; Simone S. Weber for experimental design, data analysis and 

manuscript writing; Rita de Cassia S. Nunomura for review and editing 

and supervision and funding acquisition.

References

 1.  Rufino, M. S. M.; Alves, R. E.; Fernandes, F. A. N.; Brito, E. 

S.; Food Res. Int. 2011, 44, 2072. [Crossref]

 2.  Vasco, C.; Ruales, J.; Kamal-Eldin, A.; Food Chem. 2008, 111, 

816. [Crossref] 

 3.  Bataglion, G. A.; da Silva, F. M. A.; Eberlin, M. N.; Koolen, 

H. H. F.; Food Res. Int. 2014, 66, 396. [Crossref]

 4.  de Souza, M. P.; Bataglion, G. A.; da Silva, F. M. A.; de Almeida, 

R. A.; Paz, W. H. P.; Nobre, T. A.; Marinho, J. V. N.; Salvador, 

M. J.; Fidelis, C. H. V.; Acho, L. D. R.; de Souza, A. D. L.; 

Nunomura, R. C. S.; Eberlin, M. N.; Lima, E. S.; Koolen, H. 

H. F.; Food Res. Int. 2016, 83, 87. [Crossref]

 5.  de Freitas, F. A.; Araújo, R. C.; Soares, E. R.; Nunomura, R. 

C. S.; da Silva, F. M. A.; da Silva, S. R. S.; Souza, A. Q. L.; de 

Souza, A. D. L.; Franco-Montalbán, F.; Acho, L. D. R.; Lima, 

E. S.; Bataglion, G. A.; Koolen, H. H. F. F.; J. Food Biochem. 

2017, 42, e12455. [Crossref]

 6.  Maia, L. A.; Chalco, F. P.; Acta Amazonica 2002, 32, 45. 

[Crossref]

 7.  Ahmed, S. I.; Hayat, M. Q.; Tahir, M.; Mansoor, Q.; Ismail, 

M.; Keck, K.; Bates, R. B.; BMC Complementary Altern. Med. 

2016, 16, 460. [Crossref]

 8.  Singh, S.; Singh, S. K.; Yadav, A.; Am. J. Phytomed. Clin. Ther. 

2013, 3, 291. [Link]

Table 4. Antiproliferative effect of the mari-mari fruit extracts on cancer 
cell lines

Sample
EC50

a / (µg mL-1)

MCF-7b NIH/3T3c

Methanol extract

Pulp >100 >100

Seed >100 >100

Peel 8.94 >100

Acetone extract

Pulp >100 >100

Seed >100 >100

Peel 5.43 >100

Positive control

Doxorubicin 0.25 0.28
aConcentration necessary to inhibit 50% of the cell proliferation; bbreast 
carcinoma cell line; cmurine fibroblast cell line.

https://doi.org/10.1016/j.foodres.2010.07.002
https://doi.org/10.1016/j.foodchem.2008.04.054
https://doi.org/10.1016/j.foodres.2014.09.035
https://doi.org/10.1016/j.foodres.2016.01.031
https://doi.org/10.1111/jfbc.12455
https://doi.org/10.1590/1809-43922002321054
https://doi.org/10.1186/s12906-016-1443-z
https://www.researchgate.net/profile/Ashutosh-Yadav-6/publication/288256139_A_review_on_Cassia_species_Pharmacological_traditional_and_medicinal_aspects_in_various_countries/links/5e26c47aa6fdcc38d24e0772/A-review-on-Cassia-species-Pharmacological-traditional-and-medicinal-aspects-in-various-countries.pdf


Amazonian Fruit Mari-Mari (Cassia leiandra Benth.) J. Braz. Chem. Soc.332

 9.  Sundaramoorthy, S.; Gunasekaran, S.; Arunachalam, S.; 

Sathiavelu, M.; J. Pharm. Sci. Res. 2016, 8, 260.

 10.  Canuto, G. A. B.; Xavier, A. A. O.; Neves, L. C.; Benassi, M. 

T.; Rev. Bras. Frutic. 2010, 32, 1196. [Crossref]

 11.  Roesler, R.; Malta, L. G.; Carrasco, L. C.; Pastore, G.; J. Food 

Sci. 2006, 71, C102. [Crossref]

 12.  Velioglu, Y. S.; Mazza, G.; Gao, L.; Oomah, B. D.; J. Agric. 

Food Chem. 1998, 46, 4113. [Crossref]

 13.  Singleton, V. L.; Rossi, J. A. J.; Am. J. Enol. Vitic. 1965, 16, 

144. [Crossref]

 14.  Yu, S.-Y.; Lee, Y.-J.; Kim, J.-D.; Kang, S.-N.; Lee, S.-K.; Jang, 

J.-Y.; Lee, H.-K.; Lim, J.-H.; Lee, O.-H.; Nutrients 2013, 5, 

4894. [Crossref] 

 15.  Benzie, I. F. F.; Strain, J.  J.; Anal. Biochem. 1996, 239, 70. 

[Crossref] 

 16.  Alimpić, A.; Knežević, A.; Milutinović, M.; Stević, T.; Šavikin, 

K.; Stajić, M.; Marković, S.; Marin, P. D.; Matevski, V.; 

Duletić-Laušević, S.; Ind. Crops Prod. 2017, 105, 1. [Crossref]

 17.  Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, 

J.; Vistica, D.; Warren, J. T.; Bokesch, H.; Kenney, S.; Boyd, 

M. R.; J. Natl. Cancer Inst. 1990, 82, 1107. [Crossref]

 18.  Vichai, V.; Kirtikara, K.; Nat. Protoc. 2006, 1, 1112. [Crossref]

 19.  Singleton, V.; Trousdale, E.; Am. J. Enol. Vitic. 1983, 34, 27.

 20.  Pereira, L. G. B.; Petacci, F.; Fernandes, J. B.; Corrêa, A. G.; 

Vieira, P. C.; da Silva, M. F. G. F.; Malaspina, O.; Pest Manage. 

Sci. 2002, 58, 503. [Crossref] 

 21.  Moulari, B.; Pellequer, Y.; Lboutounne, H.; Girard, C.; 

Chaumont, J. P.; Millet, J.; Muyard, F.; J. Ethnopharmacol. 

2006, 106, 272. [Crossref] 

 22.  Ayala-Zavala, J.  F.; Vega-Vega, V.; Rosas-Domínguez, C.; 

Palafox-Carlos, H.; Villa-Rodriguez, J.  A.; Wasim Siddiqui, 

M.; Dávila-Aviña, J. E.; González-Aguilar, G. A.; Food Res. 

Int. 2011, 44, 1866. [Crossref]

 23.  Hendra, R.; Ahmad, S.; Sukari, A.; Shukor, M. Y.; Oskoueian, 

E.; Int. J. Mol. Sci. 2011, 12, 3422. [Crossref]

 24.  Mukhtar, A.; Saqib, S.; Lin, H.; Hassan Shah, M. U.; Ullah, S.; 

Younas, M.; Rezakazemi, M.; Ibrahim, M.; Mahmood, A.; Asif, 

S.; Bokhari, A.; Renewable Sustainable Energy Rev. 2022, 157, 

112012. [Crossref]

 25.  Banothu, V.; Neelagiri, C.; Adepally, U.; Lingam, J.; 

Bommareddy, K.; Pharm. Biol. 2017, 55, 1155. [Crossref]

 26.  Mori, A.; Nishino, C.; Enoki, N.; Tawata, S.; Phytochemistry 

1987, 26, 2231. [Crossref]

 27.  Ohemeng, K. A.; Schwender, C.; Fu, K.; Barrett, J.; Bioorg. 

Med. Chem. Lett. 1993, 3, 225. [Crossref]

 28.  Kumar, S.; Pandey, A. K.; Sci. World J. 2013, 2013, ID 162750. 

[Crossref]

 29.  Pham-Huy, L. A.; He, H.; Pham-Huy, C.; Int. J. Biomed. Sci. 

2008, 4, 89. [Crossref]

Submitted: February 8, 2022

Published online: August 26, 2022

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

https://doi.org/10.1590/S0100-29452010005000122
https://doi.org/10.1111/j.1365-2621.2006.tb08882.x
https://doi.org/10.1021/jf9801973
https://www.ajevonline.org/content/16/3/144
https://doi.org/10.3390/nu5124894
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1016/j.indcrop.2017.04.051
https://doi.org/10.1093/jnci/82.13.1107
https://doi.org/10.1038/nprot.2006.179
https://doi.org/10.1002/ps.478
https://doi.org/10.1016/j.jep.2006.01.008
https://doi.org/10.1016/j.foodres.2011.02.021
https://doi.org/10.3390/ijms12063422
https://doi.org/10.1016/j.rser.2021.112012
https://doi.org/10.1080/13880209.2017.1291694
https://doi.org/10.1016/S0031-9422(00)84689-0
https://doi.org/10.1016/S0960-894X(01)80881-7
https://doi.org/10.1155/2013/162750
http://www.ncbi.nlm.nih.gov/pubmed/23675073

	_Hlk105664232
	_Hlk105663938

